Since its discovery, 15 years ago, as a human myeloma protein (1) , IgD has been found in low concentration in the sera of the mouse as well as man (2, 3) . Interest in IgD, however, has been particularly stimulated by the findings that the majority of B lymphocytes of these species bear IgM and IgD on their surface simultaneously (4, 5) and these Igs have identical idiotypic determinants and antigen-binding specificities (6) (7) (8) . Cellsurface IgD appears later in ontogeny than does cell-surface IgM (4, 9) and appears to make B lymphocytes more resistant to antigen-induced tolerization (10) . It has been suggested that the late appearance of surface IgD may provide a mechanism to promote tolerization of self-reactive B cell clones but still allow development of B cells reactive with foreign antigens (10, 11) .
The coexistence of surface IgM and IgD which probably have the same heavy (H) chain variable (VH) region (6) (7) (8) (12) (13) (14) which could be derived, by excision and splicing, from the same primary RNA transcript (15) . It is also possible that mRNAs encoding secreted and membrane forms of 6 chain may be derived similarly. This indicates that complex genetic mechanisms may be involved in the synthesis of cell-surface and secreted IgM and IgD. Elucidation of these mechanisms at the molecular level requires 6-specific probes which have not been available.
Two murine plasmacytomas, TEPC 1017 and TEPC 1033, recently have been shown to secrete large quantities of IgD (16) . These tumors have made possible the isolation of sufficient amounts of 6 chain mRNA to allow cDNA cloning. This report documents the construction, identification, and characterization
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 6 hr either in methionine-free medium to which had been added L-[s5S]methionine (100 MCi/ml; 1 Ci = 3.7 X 1010 becquerels) or in leucine-free medium supplemented with L-[3H]-leucine (50 MCi/ml) with and without tunicamycin as an inhibitor of glycosylation (18) . Proteins from cell secretions and contents of cells lysed by 0.I% Nonidet P-40 were analyzed by immunoprecipitation (13) with hybridoma 10-4.22 antimouse 6, with polyspecific rabbit anti-mouse Ig, or with a rabbit anti-mouse 6 chain antiserum. Hybridoma 10-4.22 secretes a class-and allotype-specific anti-6 reagent (19) . The preparation of rabbit anti-mouse 6 antiserum and its characterization has been described in detail elsewhere (20) . Briefly, rabbit anti-TEPC 1017 antiserum was converted to a class-specific anti-6 reagent by absorption with mouse serum and TEPC 183 10-4.22 . The rabbit reagent was more sensitive than the 10-4.22 reagent in detecting small amounts of 6 chain because the rabbit reagent bound 6 chains more avidly and was more completely precipitated by the staphylococci used in the immune precipitation (21) . Thus, the rabbit anti-6 reagent was used for precipitating all the cell-free products studied.
Polyspecific anti-mouse Ig and anti-UPC 10 were produced by immunizing rabbits with'DEAE-cellulose-purified Ig from normal mouse serum and with UPC 10 (IgGIK) myeloma proteins, respectively. Both antisera reacted with a wide variety of Ig classes and were particularly effective in precipitating Igs containing K chains (data not shown).
Immunoprecipitates (21) were analyzed by discontinuous NaDodSO4/polyacrylamide gel electrophoresis (modified from ref. 22 ) and fluorography (23). 24. Microsomal RNA was prepared (25) at 45°C for 20 min (27) . After hydrolysis of the mRNA in 0.3 M NaOH at 60°C for 30 min, the cDNA products were neutralized and made double-stranded by using Escherichia coli DNA polymerase I (Klenow fragment), dATP, dCTP, dGTP, and dTTP each at 33 MM, 7 mM MgCl2, 1 mM 2-mercaptoethanol, and 66 mM KH2PO4 (pH 7.0) at 37°C for 3 hr (28) . Hairpin loops and single-stranded ends were removed by using SI nuclease (28) .
Addition of short oligonucleotide tails was catalyzed by terminal transferase in the presence of 1 mM CoCl2 (29) , 0.9 mM dCTP or dGTP, and 0.04 M K cacodylate (pH 6.8) at 10°C to slow down the reaction and minimize endonuclease activity. An average of 72 dCs per 3' end was added to the doublestranded cDNAs and an average of 14 dGs per 3' end was added to Pst I-digested pBR322 plasmid DNA (30) . The tailed DNAs were hybridized by mixing them in equimolar amounts in 0.1 M NaCl/0.01 M Tris, pH 8.0/1 mM Na2 EDTA at 65°C and cooling to room temperature over 3 days.
Generation and Testing of Bacterial Clones. The hybridized DNAs were used to transform calcium-shocked (31) E. coli strain C600-SF8 (32) (EK-1 strain) which were plated out under P-3 containment conditions on NZY nutrient agar (33) containing tetracycline-HCI at 5 Mug/ml. Putative 6 clones were identified by ampicillin sensitivity and colony hybridization (34) with mRNA from sucrose gradient fraction 13 that had been partially hydrolyzed at pH 9.5 at 65°C for 45 min and labeled with [32P]ATP by using T4 polynucleotide kinase (35) .
Clones that hybridized strongly were grown in 1-liter volumes of complete medium and amplified by chloramphenicol treatment (31) . DNA was prepared from these candidates by the cleared lysate procedure using Triton X-100 and isopycnic centrifugation in gradients of CsCl and ethidium bromide (36) . These DNAs were analyzed by restriction endonuclease digestion, agarose gel electrophoresis, transfer to nitrocellulose (37) , and hybridization with 32P-labeled 6 mRNA.
All recombinant DNA experiments were performed in accordance with National Institutes of Health guidelines.
Hybridization Selection by Using Recombinant DNA. The hybridization selection procedure was a modification of the method described in ref. 38 . Five micrograms of each recombinant plasmid DNA was digested with HincII, extracted with phenol, precipitated with ethanol, dissolved in 5 Ml of 10 mM Tris1HCl, pH 7.6/1 mM EDTA, heated to 100'C, and quick frozen in a dry ice/ethanol bath. Then, 5 Mil of 3 M NaCl/0.3 M Na citrate was added, and the samples were spotted onto 0.5-cm squares of nitrocellulose. The nitrocellulose squares were then baked, washed, and hybridized with 2.5 or 5.0 Mg of TEPC 1017 poly(A)+RNA in the presence of tRNA (100 Ag/ml), washed and eluted essentially as described (38) . Messengerdependent reticulocyte lysate ( Chain. Intracellularly labeled proteins synthesized by TEPC 1017 can be precipitated by the monoclonal anti-6 reagent secreted by hybridoma 10-4.22 (19) , which indicates that they are IgD (Fig. 1, lanes 16 and Sb); similar results have been obtained with TEPC 1033 (data not shown). Another class-specific anti-mouse 6 reagent, prepared from rabbit antiserum, yielded identical results (Fig. 2, lanes 4 and 6) . These labeled proteins were not precipitated by normal rabbit serum, rabbit antikeyhole limpet hemocyanin, or rabbit antiserum specific for mouse X, "yI, a, or M chains (data not shown).
Poly(A)+RNA from TEPC 1017 Directs Synthesis of 5
Chain in a Cell-Free Translation System. Poly(A)+RNA from TEPC 1017 microsomal RNA was fractionated on a sucrose gradient, and RNA from the individual fractions was translated in a cell-free system. Fraction 13 [approximately 6.9% of the total poly(A)+RNA] was the most active in stimulating the synthesis of a 44,000-dalton polypeptide (Fig. 2, lane 1) . This polypeptide was assumed to be 6-type heavy chain because it was precipitated (Fig. 2, lane 2) by the class-specific rabbit anti-6 reagent and migrated with an apparent molecular weight about twice that of TEPC 1017 light chain. The cell-free translation products migrated slightly more slowly than did the intracellular 6 chain synthesized by TEPC 1017 cells in the presence of tunicamycin (from Developmental Therapeutics Program, Division of Cancer Treatment, National Cancer Institute) (Fig. 2, lane 3) . In the absence of tunicamycin, TEPC 1017 cells synthesized a larger intracellular 6 chain (Fig. 2, lane  4) and secreted an even larger 6 chain (Fig. 2, lane 6) . A more detailed account of IgD purification, anti-6 reagent production Proc. Natl. Acad. Sci (42) , were used to select mRNA from TEPC 1017 total poly(A)+RNA by hybridization. The cell-free translation products of the hybridization-selected RNAs were compared to the translation products of total poly(A)+RNA by immunoprecipitation with either polyspecific rabbit anti-mouse Ig or rabbit anti-6 reagent, NaDodSO4/polyacrylamide gel electrophoresis, and fluorography (Fig. 3) . Both p654B and pb54J selected 6 chain mRNA from unfractionated TEPC 1017 poly(A)+RNA (Fig. 3, lanes 3b and 6b) . Another 
The inserted DNA from PS54J also was tested after agarose gel electrophoresis and transfer to nitrocellulose. The insert fragment selected 6 mRNA from TEPC 1017 poly(A)+RNA (lane 10b) but the vector fragment did not (lane 9b). In each case in which S chain mRNA was selected, a small amount of cell-free translation product appeared to be immunprecipitable by polyspecific rabbit anti-mouse Ig (Fig. 3, lanes 3a, 4a, and 6a ) although a much stronger precipitation occurred with the rabbit anti-6 reagent. This weak precipitation of cell-free translation products appears to be the result of a nonspecific interaction with the antisera or with the staphylococci used in the analysis.
Restriction Enzyme Mapping and DNA Sequence Studies of p654J Confirm Its Identity as a TEPC 1017 5 Chain Clone. A restriction map of the insert and the DNA sequence of 204 nucleotides is presented in Fig. 4 . Ten amino acid residues from TEPC 1017 heavy chain protein (Stuart Rudikoff, personal communication) allowed us to select a reading frame for the DNA sequence. The encoded amino acids are shown in Fig. 4 beneath the DNA sequence; the portion of TEPC 1017 protein for which the sequence was determined is enclosed in a box.
p654J DNA Hybridizes to RNAs from Both TEPC 1017 and TEPC 1033. Total poly(A)+RNA from TEPC 1017 and cytoplasmic RNA from TEPC 1033 were subjected to agarose gel electrophoresis in the presence of methyl mercury hydroxide and were transferred to diazophenylthioether-paper. A major RNA species with a size of 1750 + 50 nucleotides was identified by hybridization with nick-translated pb54J DNA (Fig. 5) . Three larger species also were observed in TEPC 1017 RNA (;2100, -2900, and %3200 nucleotides) and one larger species was observed in TEPC 1033 RNA (-3200 nucleotides). Calculation of the sizes of the hybridizing species was based on measurements of the mobilities in each lane of 28S RNA (4700 nucleotides) and 18S RNA (2000 nucleotides).
DISCUSSION
The construction of a cDNA clone that contains mouse 6 chain sequences has been described. This was possible because plasmacytoma TEPC 1017 synthesizes a substantial amount of 6 2) was applied to a 1% agarose gel containing 5 mM methyl mercury hydroxide. Ten micrograms of TEPC 1033 total cytoplasmic RNA (lanes 3 and 4) similarly was applied to a 1.5% agarose gel containing 5 mM methyl mercury hydroxide. After electrophoresis, the gels were stained with ethidium bromide, photographed (lanes 1 and 3), and transferred to diazophenylthioether-paper. The paper was hybridized with 107 cpm of 32P-labeled p654J DNA and exposed to x-ray film (lanes 2 and 4). The 18S and 28S rRNA markers are indicated, and the bands hybridizing with pb54J, labeled a-d, contained approximately 1750, 2100, 2900, and 3200 nucleotides, respectively. chain mRNA. An apparent high degree of enrichment for this mRNA was achieved by sucrose gradient centrifugation in that nearly all of the cell-free translation product stimulated by the RNA from fraction 13 was immunoprecipitable by the rabbit anti-S reagent (Fig. 2) .
The immunoprecipitable cell-free translation product has an apparent molecular weight of 44,000. The polypeptide synthesized intracellularly in the presence of tunicamycin is shorter (t43,000 daltons), suggesting that a short leader sequence may be removed after in vivo synthesis. This 43,000-dalton polypeptide is smaller than a typical IgG heavy chain (;50,000 daltons), and this size could indicate that this 6 chain may consist of less than four complete domains. In the absence of tunicamycin, addition of carbohydrate results in a secreted product migrating with an apparent molecular weight of about 60,000 ( Figs. 1 and 2 ). This size is similar to that reported for 6 chains from myeloma proteins of other species, although our data suggest that TEPC 1017 heavy chain may be slightly smaller than human-6 chain (44, 45) and slightly larger than rat S chain (46) .
Because little amino acid sequence data for mouse S chain were available, DNA sequence determination could not be relied upon to identify 6 encoding clones. For this reason the methods of hybridization selection of mRNAs and cell-free translation, which had been used for mapping genes in adenovirus 2 (38), were used for screening possible 6 clones. When used in combination with precipitation with class-specific rabbit anti-S reagent and NaDodSO4/polyacrylamide gel electrophoresis, these methods firmly established that pb54J with an 880-base pair insert at the Pst I site was a suitable probe for mouse 6 chain coding sequences.
The cloning of p554J and its verification as 6 cDNA makes possible the determination of substantial amounts of the DNA (and therefore protein) sequence of mouse IgD. Portions of the DNA sequence obtained thus far (Fig. 4) (45, 48) . 1 1 This part of the sequence includes two cysteines, 60 residues apart, and two invariant tryptophans which are hallmarks of carboxy-terminal constant region domains.
Nick-translated pb54J DNA hybridized with one major and one or more minor species of RNA derived from TEPC 1017 or TEPC 1033 (Fig. 5) but not with cytoplasmic poly(A)+RNA from plasmacytoma cells synthesizing IgAK (460.1) IgG2bK (45.6), or IgMx (MOPC 104E) (data not shown). Although both TEPC 1017 and TEPC 1033 express surface IgD, the amount that they synthesize is very small relative to the amount of IgD that they secrete. Therefore, it is likely that the most strongly hybridizing band of RNA from these tumors represents the mRNA encoding the major 6 chain produced by these myelomas. This RNA species contains 1750 + 50 nucleotides and is large enough to encode the 44,000-dalton 6 chain shown in Fig.  2 Fig. 4 , and 12 of the 14 carboxyl-terminal residues are identical with rat peptide sequences.
